This paper describes the use of IEC 61850 based schedules for Distributed Energy Resources. It emphasises the power of the standardised approach and shows examples of the use of the models.
INTRODUCTION
Schedules for electricity market exchange as defined by e.g. ETSO (European TSO) as ESS (ETSO Scheduling System), are a good example of how schedules are used today for data exchange between a TSO and parties providing power and services for the grid. This is illustrated in Figure 1 CIRED2009 Session 4
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Figure 1: Use of schedules for data exchange
The emerging use of Distributed Energy Resources (DER) for power system balance and grid stability increases the demand for also exchanging schedules to and between the DER parties.
When considering the basic ideas of DER scheduling and how it can be applied in different markets it is clear that having standardised schedule templates, agreements on schedule use and definition on how to communicate between market players, can be extremely beneficial in a world where markets are growing closer and the timely exchange of correct information is crucial. The IEC 61850 part focused on DER proves to be a valuable asset to achieve this level of standardisation as will be shown in this paper.
The DER schedules in IEC 61850 are modelled in a generic way so that they can be used for different scheduling purposes. Examples include operational forecasts, status or load dispatching.
IEC61850 -A GLOBAL COMMUNICATION INFRASTRUCTURE FOR POWER UTILITY AUTOMATION
In the early nineties a vision emerged within the power industry of a global communication infrastructure with integrated applications, providing greater flexibility and making the use of automation in the power industry more cost effective. This vision led to development of the IEC 61850 standard.
IEC 61850 includes a comprehensive data model for the functionality required. [1] . For the purpose of scheduling the modelling approach and the use of IEC 61850 for Distributed Energy Resources will be described in more detail.
The IEC 61850 data modelling approach
IEC 61850 specifies a hierarchical data model. The data model is to some extent domain specific and includes the semantics for substation automation applications. Logical nodes are the core elements of the data model. They represent either the information content of a function internal to the substation automation system (e.g. PDIS, the logical node for a distance protection function) or they represent the information of the external process equipment e.g. XCBR, the logical node for the interface to a circuit breaker as shown in Figure 2 Logical nodes consist of data objects and data attributes that are standardised and that represent the real information. The information modelled is however not restricted to process information. It includes as well configuration information, name plate and diagnostic information. Name plate and diagnostic information is available both for the software and Prague, 8-11 June 2009
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hardware of the automation system (IED and logical nodes) as well as for the process equipment. The diagnostic information is summarised in a device status information (traffic light) that indicates the health of the device as a green (ok) -yellow (warning) -red (alarm) indication.
Figure 2: Example of the XCBR Logical Node
The data model provides the self-description to be retrieved by any other application. This means that any client (HMI or other IED) can browse a server device for available data and it can retrieve the data values including the format specification. In addition, description attributes with an explanation of the semantic of the data can be retrieved.
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IEC 61850 and Distributed Energy Resources
IEC 61850 part 7-420 -Basic communication structureDistributed energy resources logical nodes deals with the information exchange between DER devices and any systems which monitor, control, maintain, audit, and generally operate the DER devices. An example of a communication configuration for a DER is given in Figure  3 
Figure 3: Example of a communication configuration of a DER plant
Besides DER systems in general, the standard models the specific technologies such as reciprocating engines, fuel cells, photovoltaic systems and combined heat and power devices. 
THE BASICS OF DER SCHEDULING
Scheduling DER
The scheduling model is designed in a generic way that allows it to be used with energy and ancillary services schedules in a broad range of very different purposes.
For instance, it can be used to:
• command a DER to produce a varying amount of power in a specified period of time • inform a DER on the prices of energy during a specific time, allowing it to plan the production in that period • inform parties on the planned production by a DER (e.g. heat, active power, reactive power) in a period • inform parties on the capabilities of the DER in a specific period • inform parties on the status of a DER (e.g. 'available for production', 'in service') in a specific period
The advantage of this generic approach is that the use cases are not limited to what is outlined in the standard (e.g. certain types of systems and the usage of schedules). The disadvantage is that since the current model only defines a template for the schedules but the specific use of the schedules is not standardised, it is required that an agreement on how to interpret non-standardised information has to be made e.g. per region or market. The basic data (value type and representation, timestamp, operation type and mode) is standardised, while the specific purpose and how to actually use it, is left open. Examples of schedules include: • production schedules informing a DER unit about the amount of energy it is expected to produce per hour during the next day. This would be set up as an active power plan for the energy operation mode in regular operation. The values would represent MWh. This is included in the standardised information for this kind of schedule.
• schedules from a DER on its technical limits when producing active power which is used for information only is also an active power plan for the energy operation mode in regular operation with the values in Prague, 8-11 June 2009
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• schedules that shows the expected operational status of a DER in a specified period. In this case, both the status type and the values of the different states have to be defined explicit as non-standardised information.
Building blocks for DER schedules
The scheduling model comprises two logical nodes: one for specifying a schedule using absolute or relative timestamps (DSCH), and another for monitoring and controlling the schedules (DSCC).
The 'Energy and ancillary services schedule' (DSCH) logical node is used to setup a specific schedule. It includes the following information or data objects and data attributes relevant for most schedules. In case of a schedule using relative time, one should use the SchdRelTm data object and its associated data attributes.
The 'Energy and ancillary services schedule control' (DSCC) logical node is used to control and get status on the schedules in the system. It includes the following information or data objects relevant for control of the schedules. 
USING DER SCHEDULES FOR THE DAY AHEAD MARKET
The following example shows how the standardised IEC 61850 based DER schedules can be used for communication of schedules used in the day ahead market.
As shown in Figure 4 , four schedules are required. All schedules contain information regarding the following day.
The SPOT price provides the energy prices. The Production Schedule provides information on the active power a DER will provide to the power grid. The Market Schedule provides information on the aggregated energy produced per hour and finally the Operational Schedule provides information on planned production and consumption from DERs, and, if applicable, available reserve capacity and technical limits on the DERs.
To illustrate its use the SPOT price and Production Schedule will be explained in further detail hereafter. The PBR will aggregate all the local Production Schedules (B) into Operational Schedules (and Market Schedules), which can then be communicated to the TSO in the agreed format, e.g. ESS. However, if the TSO has direct access to the DER the IEC 61850 DER schedules could also be used for this with, if necessary, extensions to the existing data model.
SPOT price (A)
The SPOT price provides the energy prices for the following day. The DERs use this information in the planning of their production. An example of the data objects, attributes and values is given in Table 3 . 
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Please note that this kind of schedule will never be activated, as the data values are only used for decision making purposes
Production schedule (B)
The production schedule is generated by the DER when it has been decided what the production based on the SPOT price information shall be. The schedule provides information on the active power the DER will provide to the power grid. The primary purpose of the schedule is to inform other parties of the intended power production, but it would make sense if the DER also used it for the actual control of its production.
CONCLUSION
The DER schedules as defined in IEC 61850-7-420 can be used for a very versatile information exchange between DER and other parties (i.e. TSO, DSO, PBR), which is not standardised today.
When using the IEC 61850 based schedules one must note that non standardised information is often used for schedules. This information needs to be included as an extension to the data model for the specific schedule.
